). In addition, the bond lengths of the local lattice structure are, respectively, R ∥ = 1.5 Å and R ⊥ = 1.95 Å which have been shown to have a compressed tetrahedral geometry along the C4 axis.
Introduction
Glasses containing transition metal and rare earth ions have attracted a great deal of attention because of their memory and photoconducting characteristics. They also nd potential applications in the development of new lasers, optical ampliers, or luminescent materials. ESR/ EPR technology can be used widely to investigate the local lattice structure information about the glassy network and to identify the point symmetry around the transition metal or rare earth ions [13] . V 4+ , as an important probe ion, can provide useful information regarding the structure of their network environment in a glass, because their ESR spectra are simple [4, 5] . 
The superposition model
According to the superposition model which was proposed by Newman et al. [15, 16] , the tetragonal crystal--eld parameters Ds and Dt can be expressed as
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where R 0 is the reference distance which is characterized by the bond lengths (R ∥ , R ⊥ ) of the local lattice structure. t 2 (=3) and t 4 (=5) are the power-law exponents. 
We takeĀ 2 (R 0 ) = 12Ā 4 (R 0 ) in the calculation. The length of VO bond R 0 ≈ R ⊥ ≈ 1.95 Å which is corresponding to the cubic symmetry [20] . R ∥ can be treated as tting parameter. As much as we know, up to the present, the cubic crystal-eld parameter Dq has not been reported.
Dq(F
2− cluster has been given in literature [21] . Ac- 
The high order perturbation formulae
The electronic conguration of V 4+ ion is 3d
1 . The g factors g ∥ , g ⊥ and hyperne structure parameters A ∥ , A ⊥ of the ground state b 2g (|d xy ⟩) can be obtained from high order perturbation methods [22] ,
In Eqs. (3) and (4) 
(1 − λ t S dp (t 2g ) − λ e S dp (e g ) − λ t λ e /2)
in which N t , N e are the normalized parameters. λ e , λ t are the orbital mixing coecients, we assume that λ γ ≈ λ e ≈ λ t for the simplicity in the calculation. The group overlap integrals S dp (e g ) and S dp (t 2g ) can be obtained from the Slater-type SCF functions [23, 24] and the metalligand reference distance R 0 . P 0 (= 136 × 10 [14, 20] ) is the hyperne structure constant of the V 4+ ion.
Application
From formulae (1)(4), the relation between ESR spectra (g ∥ , g ⊥ and A ∥ , A ⊥ ) and the local lattice structural parameters (R ∥ , R ⊥ ) has been established by using two SO coupling parameter model, the superposition model, and high-order perturbation theory. As an application, we calculated the ESR data and structural parameters of V 4+ ion in ternary vanadatelithiumborate glasses.
The values of the tting parameters can be obtained from the calculation of ESR data of V 4+ in vanadatelithium borate glasses,
The correlative values of the overlap integrals, normalized parameters, two SO coupling parameters, and two orbital reduction factors are collected in Table I . The calculated ESR parameters are compared with the experimental values in Table II . S dp (t2g) S dp (eg) The octahedron around V 4+ ion is compressed along C 4 axis because the calculated value of R ∥ is less than that of R ⊥ . The magnitude of the tetragonal distortion ∆R (= R ⊥ − R ∥ = 0.045 nm) has also been shown that VO bonds are stronger along the C 4 -axis direction than other VO bonds of the complex.
